1. Introduction {#sec1-biomedicines-08-00237}
===============

Principles of evidence-based medicine became established in particular in the 1980s when many cytostatic drugs became approved. The practice combines personal clinical experience with the best external clinical evidence from systematic research \[[@B1-biomedicines-08-00237]\]. The principles for external evidence are as follows: Once a drug is developed it has to be tested for safety and dose in a Phase I trial. Phase II trials aim to secure safety and to find out about effectivity. Phase III trials, executed with higher numbers of patients and performed prospectively and in a randomized-controlled way (i.e., randomized-controlled trials, RCTs), serve to establish effectivity in comparison to the control. Such studies are evaluated with the help of statistics to define probabilities and significances. A good example are the Kaplan--Meier curves for survival probability. If the therapeutic effect of a drug is low, the number of patients in a trial needs to be increased to achieve significance. This is the key for drug approval and entrance to the market.

This review compares large clinical studies performed mainly by big pharma companies with commercial interest to small clinical studies performed mainly by academic institutions for better treatment of cancer patients. As example for large studies serve RCTs for drug approval. As example for small studies serves individualized multimodal immunotherapy (IMI).

In view of the low effectivity of cytostatic drugs with regard to the most common human tumors, the carcinomas, basic and applied oncological research tried to explore entirely new pathways to achieve additional therapeutic effects against cancer. Molecular biologists developed targeted therapies (TTs) with small molecule inhibitors (SMIs). Virologists developed oncolytic viruses (OVs) and recombinant viral vectors with incorporated therapeutic transgenes. Immunologists developed monoclonal antibodies (mAbs), cancer vaccines and adoptive T cell therapies, including chimeric antigen-receptor (CAR) modified T cells.

The IOZK in Cologne (Germany) recently introduced a concept of Individualized Multimodal Immunotherapy (IMI) \[[@B2-biomedicines-08-00237],[@B3-biomedicines-08-00237]\]. It involves a dendritic cell (DC) vaccine, IO-VAC^R^, an OV, Newcastle disease virus (NDV), and moderate electrohyperthermia (mEHT). The concept is based on the individuality of immunological tumor--host interactions and differs in many ways from the concept of RCTs. Side effects are low and innovative potential high. Based on systematic data collection and analysis, results have been published as single case reports or from case series studies. The IOZK is a small--medium independent enterprise and has no conflict of interest with big pharma companies.

This review is trying to compare the different worlds of RCT studies and those of IMI treatment.

2. Individuality of Immunological Tumor--Host Interactions {#sec2-biomedicines-08-00237}
==========================================================

Traditionally, cancers are defined by histopathology. According to their tissue of origin, tumors are classified into four major groups: epithelial, mesenchymal, hematopoietic, and neuroectodermal. The most common human cancers, the carcinomas, are of epithelial origin. They are further subdivided into squamous cell carcinomas when they arise from epithelia that form protective cell layers and adenocarcinomas when they arise from secretory epithelia. Tissue sites of common types of adenocarcinoma are lung, colon, breast, pancreas, stomach, esophagus, prostate, endometrium, and ovary.

2.1. Tumor Properties {#sec2dot1-biomedicines-08-00237}
---------------------

Recently, molecular biological and mass spectroscopic techniques, such as Next-Generation-Sequencing (NGS), has led to new insights into the biology of cancers. Genomics, epigenomics, transcriptomics, proteomics, peptidomics, ligandomics, and metabolomics ("OMICS" technologies) allow to uncover molecular features that distinguish cancer cells from healthy tissue \[[@B4-biomedicines-08-00237]\]. Such techniques enabled the identification of key molecular pathways that control tumor progression. TTs with SMIs aim at blocking signal transduction through such pathways \[[@B5-biomedicines-08-00237]\]. Imatinib mesylate (Gleevec), for example, the first successful SMI, functions as an antagonist of the Bcr-Abl tyrosine kinase active in CML and other leukemias \[[@B6-biomedicines-08-00237]\].

OMICs and other technologies revealed that each cancer is unique in terms of genetics (mutations and others), epigenetics, antigenicity (tumor neoantigens), and immunogenicity \[[@B7-biomedicines-08-00237],[@B8-biomedicines-08-00237]\].

2.2. Host Properties {#sec2dot2-biomedicines-08-00237}
--------------------

Research from basic immunology enabled new insights into innate and adaptive anti-tumor immune reactivity. Investigation of metastasis formation and research of the tumor microenvironment (TME) led to further insights into the complexities of tumor--host interactions. Translational research from immunology provided new reagents for clinical application, for example mAbs, cytotoxic T lymphocytes (CTLs), interferons (IFNs), cytokines and chemokines. Clinical application of checkpoint inhibitory mAbs (e.g., anti CTLA-4 and anti-PD1) since 2011 has been a great success. They revealed that checkpoint receptors on T cells such as CTLA-4 and PD1 which mediate negative signals to T cells are being activated by tumors to escape immune destruction by CTLs.

The adaptive immunity system of humans, based on B and T lymphocytes, has a high diversity of antigen-recognition receptors, individually generated by somatic mechanisms. During ontogeny, the adaptive immunity system of humans learns to distinguish self (non-reactivity, tolerance) from non-self (reactivity). Tumor neoantigens are new (non-self) and not affected by tolerance mechanisms.

CD8+ CTLs and CD4+ T helper (Th) cells \[[@B9-biomedicines-08-00237]\], in contrast to antibodies, have the ability to migrate through tissues and to infiltrate solid tumor tissue. The key anti-tumor effector cells are CTLs. They deliver a lethal hit signal towards target tumor cells and kill multiple tumor cells via the exocytosis of granzyme B containing cytotoxic granules \[[@B10-biomedicines-08-00237]\]. In addition, Th cells locally produce cytokines in the tumor mass, creating a pro-inflammatory milieu and facilitating recruitment and activation of CTLs.

2.3. Tumor--Host Interactions {#sec2dot3-biomedicines-08-00237}
-----------------------------

CTLs recognize tumor-associated antigens (TAAs). The first molecularly identified gene coding for a human TAA was an HLA-A1 restricted peptide that was not expressed in a panel of normal tissues. In the following decades, many more human TAAs were discovered. They all represented peptide-major histocompatibility (pMHC) molecule complexes. These findings revealed that T cells, in contrast to antibodies, can survey peptides created within cells. MHC molecules allow to transport peptides to the cell surface where they are presented to T cells. The molecular recognition of TAAs by T cells involves three participants: (i) an antigenic fragment (peptide, p) (ii) a presenter molecule (MHC) (it forms a complex with p and transports it to the cell surface) and (iii) a recognition molecule: the antigen-specific T cell receptor (TCR) \[[@B11-biomedicines-08-00237]\].

MHC molecules are very polymorphic and their expression is highly individual. The pathways of MHC class I and MHC class II antigen presentation ensure that most of the cells of the body are permanently screened for the presence of altered peptides. Every tumor may contain a few hundreds of mutations in coding regions of the genome. In addition, deletions, amplifications, and chromosomal rearrangements can result in new genetic sequences. The vast majority of mutations occur in intracellular proteins \[[@B12-biomedicines-08-00237]\]. The mutational burden is highly correlated with the neo-epitope load \[[@B8-biomedicines-08-00237]\].

Antigen-specific TCRs are being generated during ontogeny within the thymus. Their diversity, individually generated by somatic mechanisms, is very high. Only mature T cells with receptors that do not react with "self" pMHC complexes are allowed to leave the thymus (central tolerance mechanism \[[@B13-biomedicines-08-00237]\]). Their receptors have the capacity to react against "non-self" peptides. Non-self peptides generated by tumors through the above mentioned mechanisms are individually unique and called tumor neoantigens \[[@B7-biomedicines-08-00237]\]. They are particularly important for tumor rejection because they have not been affected by central tolerance mechanisms. T cells recognize tumor neoantigens as peptides displayed by MHC molecules on the surface of antigen-presenting cells such as dendritic cells (DCs).

Even if tumors express tumor neoantigens, this is not sufficient for immunogenicity, i.e., their capacity to generate an immune response. Immunogenicity requires T cell costimulatory and danger signals \[[@B14-biomedicines-08-00237]\]. CD28 is the principal costimulatory receptor for delivering second signals for T cell activation. These molecules bind to B7 (CD80, CD86) costimulatory molecules expressed by professional antigen-presenting cells, such as DCs. CD4+ Th cells can provide the necessary costimulatory signals to CD8+ CTLs \[[@B9-biomedicines-08-00237]\]. Also, signal 3 from innate immunity cells (IL-12 or type I interferon), often associated with microbial infections and danger, can provide effective CTL survival and improvement of effector function \[[@B15-biomedicines-08-00237]\]. As recently discovered, T cell costimulation in anticancer immunity has metabolic consequences \[[@B16-biomedicines-08-00237],[@B17-biomedicines-08-00237]\]. Such metabolic activities allow fully activated T cells to exert their many functions, such as proliferation, differentiation, migration in tissues, and exertion of anti-tumor effector functions.

The main points contributing to the individuality of tumor--host interactions can be summarized as follows: 1. Each cancer is unique. 2. The high diversity of B and T cell receptors is generated individually by somatic mechanisms. 3. Tumor neoantigen pMHC complexes are individually unique.

A fourth point concerns cancer-reactive memory T cells (MTCs) \[[@B18-biomedicines-08-00237]\] which maintain once the T cell effector phase is terminated. Cancer-reactive MTCs can be generated by active-specific immunization with cancer vaccines. They can also be generated spontaneously in patients \[[@B19-biomedicines-08-00237]\]. The repertoire of their specificities, as analyzed from bone marrow samples, is highly individual \[[@B19-biomedicines-08-00237]\].

"Innate and adaptive immunity in the tumor microenvironment" is the title of a book recommended for further reading including 10 chapters and a number of clarifying pictures \[[@B20-biomedicines-08-00237]\].

In conclusion, T cells are of major importance for tumor immune surveillance. They can screen peptides from intracellular proteins and they can infiltrate into solid tumor masses. That is why tumors often develop immune escape mechanisms \[[@B21-biomedicines-08-00237]\] to shut down host anti-tumor T cell reactivity. The application of neutralizing antibodies against checkpoint inhibitors revitalizes a suppressed immune system \[[@B22-biomedicines-08-00237]\]. The clinical effects reveal the extent and importance of tumor--host immune cell interactions over long time periods in cancer patients.

3. Individualized Multimodal Immunotherapy (IMI) and Patient Benefit {#sec3-biomedicines-08-00237}
====================================================================

3.1. Concept {#sec3dot1-biomedicines-08-00237}
------------

The objective of IMI developed by IOZK \[[@B2-biomedicines-08-00237],[@B3-biomedicines-08-00237]\] is to stimulate strong specific T cell mediated immune responses against TAAs in cancer patients, in particular against unique tumor neoantigens \[[@B7-biomedicines-08-00237]\]. A cancer vaccine called IO-VAC^R^ is produced individually for each patient. Tumor material and antigen-presenting DCs of the vaccine are strictly autologous. The third component of IO-VAC^R^ is an avian OV, namely NDV. This serves to augment the immunogenicity of the vaccine. The virus has been successfully produced by IOZK in 2015, the first time worldwide, according to high quality standard Good Manufacturing Practice (GMP). IO-VAC^R^ is an approved Advanced Therapeutic Medicinal Product (ATMP) in North Rhine-Westphalia, Germany, and is applied to patients at IOZK on a compassionate use basis \[[@B3-biomedicines-08-00237]\].

Active-specific immunization with IO-VAC^R^ is only one modality of the multimodal concept ([Table 1](#biomedicines-08-00237-t001){ref-type="table"}). The second modality is pre-treatment of the patient with oncolytic NDV to induce in situ immunogenic tumor cell death (ICD) \[[@B3-biomedicines-08-00237]\]. This pre-treatment is combined with modality 3, local moderate electrohyperthermia (mEHT). The rationale of the second and third modality is immune modulation/conditioning of the patient's immune system one week before vaccination to achieve the best possible effects of vaccination. The patient's immune system should not be dysregulated but rather polarized towards a Th1 cellular immune response \[[@B9-biomedicines-08-00237]\]. Details of the scientific background, the production and the application protocol have been described \[[@B2-biomedicines-08-00237],[@B3-biomedicines-08-00237]\].

[Figure 1](#biomedicines-08-00237-f001){ref-type="fig"} illustrates the three phases of IMI: 1. Pre-treatment, 2. Active-specific immunization, 3. Immune effector phase. These phases involve various kinds of tumor--host interactions. A illustrates immunogenic cell death with the release of viral oncolysate (VOL) from tumor cells treated by mEHT and NDV. B shows the process of loading dendritic cells with TAAs and DC maturation. C illustrates DC migration to local lymph nodes and their cognate interaction with TAA-specific CD4 Th1 and CD8 CTLs. D shows migration of activated T lymphocytes out of the lymph node and trafficking via the blood towards the site of the tumor. The effector phase causes tumor cell destruction.

One cycle of IMI takes 8 days for the patient on an ambulant basis. Usually, two cycles of IMI suffice for the whole treatment process. The aim is not only the specific destruction of tumor cells but also the induction of cancer-reactive memory T cells.

[Table 1](#biomedicines-08-00237-t001){ref-type="table"} contains the main features of IMI.

3.2. Safety Aspects {#sec3dot2-biomedicines-08-00237}
-------------------

At times of the pandemic COVID-19, it may be appropriate to mention that RNA viruses like corona are highly susceptible to UV-B light. NDV is a negative-stranded RNA virus of birds (permissive host species). It is completely inactivated by a short exposure to UV-B light. NDV has a high safety profile in man. More than 50 years of clinical application witness this \[[@B29-biomedicines-08-00237]\].

Special safety characteristics of NDV include: (i) Lack of gene exchange via recombination, (ii) lack of interaction with host cell DNA, (iii) independence from host cell proliferation (the virus replicates in the cell's cytoplasm), (iv) selectivity of virus replication and cell lysis (oncolysis) for tumor cells in non-permissive hosts such as human. Reasons for the tumor selectivity of NDV have been described in detail \[[@B25-biomedicines-08-00237],[@B29-biomedicines-08-00237]\].

3.3. Clinical Results {#sec3dot3-biomedicines-08-00237}
---------------------

Results from IMI treatment of cancer patients at IOZK have been published as either single case reports or as case series studies.

One case concerns a breast cancer patient with extensive liver metastases who was operated but refused further standard therapy. After IMI treatment a continuous high quality of life was reported. The metastases apparently became encapsulated. No further metastases developed and the patient survived more than 66 months after the initial diagnosis. The patient developed a long-lasting tumor-reactive memory T cell response \[[@B26-biomedicines-08-00237]\].

Another case report concerns long-term remission of prostate cancer with extensive bone metastases \[[@B27-biomedicines-08-00237]\]. The patient had received standard therapy but this had failed. After IMI, the patient achieved complete remission. The patient also developed a long-lasting anti-tumor memory T cell response.

A case series report relates to adult patients with glioblastoma multiforme (GBM) (*n* = 34). The patients received standard radiochemotherapy in combination with IMI. Median overall survival (OS) was 23.4 months \[[@B3-biomedicines-08-00237],[@B28-biomedicines-08-00237]\]. Radiochemotherapy alone according to the Stupp protocol had been reported to achieve a median OS of 14.6 months.

Another case series report relates to children with diffuse intrinsic pontine glioma (DIPG) (*n* = 41). The prognosis of children with DIPG remains very bad even after radio- and chemotherapy or after molecular-targeted therapy. IMI was feasible without major toxicity and median OS appeared longer than expected from a retrospective analysis. A longer OS was associated with a Th1 shift \[[@B28-biomedicines-08-00237]\]. This T cell polarized response is in line with the concept of IMI \[[@B2-biomedicines-08-00237],[@B3-biomedicines-08-00237]\].

3.4. Innovation {#sec3dot4-biomedicines-08-00237}
---------------

### 3.4.1. Immunogenic Cell Death (ICD) Induction Therapy and Liquid Biopsy {#sec3dot4dot1-biomedicines-08-00237}

The vaccine IO-VAC^R^ is normally produced by loading autologous DCs with oncolysate from tumor cells derived from surgical resectates and thereof cultured cells. In many cases tumor specimens are not available due to inoperability or because the tumor had already been removed before considering immunotherapy. Therefore, IOZK is developing a technique of isolating tumor material from serum of patients. These are treated for five consecutive days with intravenous injection of oncolytic NDV in combination with mEHT via the Oncothermia EHY-2000 device (Oncotherm GmbH, Troisdorf, Germany). A new PanTum Detect assay evaluates by FACS analysis peripheral blood derived phagocytic monocytes/macrophages with ICD derived tumor markers using the Epitope Detection in Monocytes (EDIM) technology \[[@B28-biomedicines-08-00237]\]. It revealed that during these five days of treatment ICD-induced tumor products are increasingly detectable in the serum. These are antigenic extracellular microvesicles and apoptotic bodies. Such serum material was used in case of the non-operable children with DIPG tumors to load their DCs \[[@B28-biomedicines-08-00237]\].

Also, plasma circulating tumor DNA (ctDNA) analysis was used to screen for distinct mutations in 21 DIPG patients. Besides, circulating tumor cells (CTC) were isolated and the mRNA expression level of PDL1 was analyzed by Biofocus ([www.biofocus.de](www.biofocus.de)).

These procedures of Liquid Biopsy are just one example of innovative technologies performed at IOZK in addition to IMI \[[@B28-biomedicines-08-00237]\].

### 3.4.2. Potential to Break Therapy Resistance {#sec3dot4dot2-biomedicines-08-00237}

Resistance to therapy is a major obstacle to cancer treatment. There are a number of anti-neoplastic effects of NDV in non-permissive hosts like cancer patients \[[@B29-biomedicines-08-00237]\]. Some properties appear to have the potential to break therapy resistance of various kinds.

First, there are special features that explain tumor selectivity of NDV \[[@B30-biomedicines-08-00237]\]: (i) Targeting the oncogenic protein Rac1, (ii) tumor-selective virus replication, (iii) promotion of virus propagation via syncytia, autophagy, and exosomes, (iv) tumor-selective oncolysis and (v) tumor-selective induction of immunogenic cell death.

Secondly, there are a variety of features of NDV which are of relevance for resistance to therapy: (i) Potential to break T cell tolerance towards TAA expressing tumor cells, (ii) potential to break resistance to chemotherapy or radiotherapy, (iii) potential to break resistance to apoptosis, (iv) potential to break resistance to hypoxia, (v) potential to break resistance to TNF-related apoptosis-inducing ligand (TRAIL), (vi) potential to break resistance to immune checkpoint blockade, and (vii) potential to break resistance to anti-viral immunity \[[@B24-biomedicines-08-00237],[@B25-biomedicines-08-00237]\].

Any one of these features of NDV could have contributed to the positive case reports of patients with metastasized breast cancer \[[@B26-biomedicines-08-00237]\] and metastasized prostate cancer previously resistant to standard therapy \[[@B27-biomedicines-08-00237]\].

### 3.4.3. Side Effects, Benefit for the Patient, Affecting the Tumor Microenvironment, and Improvement of Knowledge {#sec3dot4dot3-biomedicines-08-00237}

The IMI at IOZK involving cancer vaccines and oncolytic virus treatment exerts profoundly lower side effects than other systemic therapies \[[@B23-biomedicines-08-00237]\]. Cancer treatments by means of cytostatic drugs, SMIs, checkpoint inhibitory antibodies or CAR-T cells can produce major adverse events (AEs) of grades 3--4 ([Section 5](#sec5-biomedicines-08-00237){ref-type="sec"}).

The side effects of treatments at IOZK are well tolerated (grades 1--2). A main reason is that application of vaccines and OVs elicit physiological processes \[[@B23-biomedicines-08-00237]\].

All of the procedures of treatment at IOZK and their possible manifold multimodal combinations aim at an optimal individual immunological management of a cancer patient.

The TME is a tumor surrounding tissue constructed by manifold tumor--host interactions \[[@B20-biomedicines-08-00237]\]. The tumor uses it to support its own growth, e.g., via angiogenesis, and to protect itself against attacks by the host's immune system. Apart from silencing CTLs, the TME attracts immune suppressive cells, e.g., myeloid-derived suppressor cells (MDSCs), M2 macrophages and T regulatory (Treg) cells. The treatment strategy of IOZK includes application of inhibitors of immune suppressive cells and also application of checkpoint inhibitory antibodies, if required.

Systematic data collection and analysis allows continuous learning. Publication of the results \[[@B2-biomedicines-08-00237],[@B3-biomedicines-08-00237],[@B23-biomedicines-08-00237],[@B24-biomedicines-08-00237],[@B25-biomedicines-08-00237],[@B26-biomedicines-08-00237],[@B27-biomedicines-08-00237],[@B28-biomedicines-08-00237],[@B30-biomedicines-08-00237]\] ensure transparency for the scientific and medical community.

4. Comparison between Randomized-Controlled Trials (RCTs) for Drug Approval and IMI {#sec4-biomedicines-08-00237}
===================================================================================

The two examples of clinical studies with high or low number of patients are now being compared. [Table 2](#biomedicines-08-00237-t002){ref-type="table"} includes 13 features of RCTs and IMI.

1\. and 2. GMP is a high quality production prerequisite for any new drug on the market, including RCTs and IMI. The production rate of a drug is high for RCTs and low (just one; individually produced vaccine) for IMI.

3\. The number of patients per trial. The above mentioned case series studies from IOZK involved 34 and 41 patients. In contrast, RCT studies normally involve \>1000 patients.

4\. Individual patient benefit: The recruitment of patients into an RCT is not easy and pharma companies offer money per patient to participating clinics. Many patients want to get a new treatment rather than to get randomized. There is no individual therapy benefit for patients in the control arm. RCTs determine the mean treatment effect and provide a general statistical estimate of efficacy for the study population under investigation \[[@B1-biomedicines-08-00237]\]. RCTs have only limited significance for the single patient \[[@B31-biomedicines-08-00237]\]. For IMI every patient gets the same chance of benefit.

5\. LOE: The Oxford Center for Evidence-Based Medicine has developed a schema of "Level of Evidence" (LOE) to which medical guidelines usually refer. Systematic reviews of RCTs, meta-analyses, are regarded as the highest level (LOE 1a). LOE 5 means that scientific evidence is inherently acknowledged for innovations derived from basic research and long-standing medical experience with novel clinical applications, such as IMI.

6\. Number of variables per study: In a two-arm RCT study, the number of variables that can be tested is very low. In contrast, in IMI there are many possible variables due to the multimodality concept.

7\. Risk of resistance development: Many cancer therapies have to face the problem of therapy resistance development. This is true not only for cytostatic drugs but also for new drugs including SMIs and also for tumor antigen targeted immunotherapies. There are two features of IMI that reduce the risk of resistance development: (i) The inclusion of oncolytic NDV with its potential to break therapy resistance (see [Table 1](#biomedicines-08-00237-t001){ref-type="table"}) and (ii) the multimodality approach including physical (hyperthermia) and biological treatment procedures.

8\. and 9. Flexibility is another important parameter. The first approved therapeutic cancer vaccine may serve as an example. Sipuleucel-T was approved in 2010 for metastatic prostate cancer. It is a DC-like vaccine pulsed with recombinant fusion protein composed of prostatic acid phosphatase (PAP) fused to granulocyte macrophage colony-stimulating factor (GM-CSF). At the time of approval the technology for production of DC based vaccines was still relatively poor. Adaptations to state-of-the-art production is not possible after drug approval. Another problem with sophisticated technology are the costs. Unfortunately, the producer (Dendreon Co., Seattle, WA, USA) filed for bankruptcy in 2014. Thus, methodological innovation after drug approval by RCTs is low. With IMI, adaptations to state-of-the-art are possible and the potential for methodological innovation is high.

10\. Costs: With greater than 20 million \$, the costs for executing an RCT are very high. The costs of newly approved cancer drugs are up to \>100,000 \$ per year. This is not in any reasonable relation to their often modest additional benefits \[[@B31-biomedicines-08-00237]\]. High prices exclude independent comparative efficacy trials aimed at establishing equivalent but cheaper alternatives. High drug prices thus protect the market share of expensive drugs \[[@B32-biomedicines-08-00237],[@B33-biomedicines-08-00237]\].

Neither small-medium independent research institutions nor public institutions can afford this type of RCT studies. Independent, innovative, principal investigator (PI) driven studies are virtually impossible. As a consequence, big pharma companies dominate the drug market, both in the US and in Europe. Only they can afford Phase II and III studies that last long and costs a lot of money. The developmental costs are afterwards passed on to the consumer.

11\. Price per drug. The price for IMI treatment at IOZK is about 55,000 Euro and is based on the legally fixed prices for ambulant treatment in Germany. This has to be payed privately or it is covered by health insurances. The price just covers the enormous investments for GMP production by this private non-profit enterprise. This situation is in sharp contrast to approved drugs that are put onto the market by big pharma institutions. Their drugs are not produced individually and have a high production rate for worldwide consumption. Nevertheless, the price is by far higher than that of IMI. A commercial benefit for them is evident from this comparison.

12\. and 13. Primary aim and conflict of interest: The primary aim of RCTs is drug approval and thus a commercial interest. IMI studies, in contrast, aim at a benefit for the cancer patient. Because of this difference in primary aim, a conflict of interest is high in connection with RCTs and low with IMI.

5. RCTs for Drug Approval and Commercial Benefit {#sec5-biomedicines-08-00237}
================================================

Evidence-based medicine is important for medical progress. For a long time RCTs have been considered as gold standard for establishing new therapies in oncology. With time, RCTs in oncology have become larger and their funding shifted from government (1975--1994: 60%) to industry (1995--2004: 57%) \[[@B34-biomedicines-08-00237]\]. An analysis from 2008 of 321 eligible RCTs revealed a statistically significant association between for-profit sponsorship and the reporting of positive results with endorsement of the experimental arm \[[@B34-biomedicines-08-00237]\].

The role of RCTs is more and more debated and questioned \[[@B35-biomedicines-08-00237]\]. Scientists criticize that a majority of medical doctors and decision makers are not able to safely assess the credibility and benefit of medical evidence from RCTs. They complain about a medical misinformation mess \[[@B36-biomedicines-08-00237]\]. Better designed and more rigorous RCTs are needed to develop an evidence base that can decisively provide reliable effect estimates.

The power and attitude of big pharma companies in the last decades has set priorities in commercial rather than patient benefit. To support this statement, [Table 3](#biomedicines-08-00237-t003){ref-type="table"} summarizes a variety of features such as fragility index, survival, quality of life, side effects and bias. These features have been evaluated with respect to RCTs by meta-analysis, the highest level of evidence.

1\. The fragility index \[[@B37-biomedicines-08-00237]\] is a statistical measure to evaluate the reliability of study results. The evaluation of new cancer drugs approved by the FDA between 2014 and 2018 revealed a low fragility index and thus a low reliability. The majority of RCTs provided no clinically relevant benefit \[[@B44-biomedicines-08-00237],[@B45-biomedicines-08-00237],[@B46-biomedicines-08-00237]\].

2\. Benefit in overall survival (OS) is considered of high relevance for cancer patients. According to an evaluation of new drugs approved by the EMA between 2009 and 2013 \[[@B38-biomedicines-08-00237]\], most drugs had no benefit in OS. To accelerate drug approval, many companies investigated surrogate parameters instead of OS. This applied to 84% of RCTs in Europe \[[@B38-biomedicines-08-00237]\].

3\. The same evaluation study revealed that the new cancer drugs approved by EMA had no benefit for Quality of Life (QoL) \[[@B38-biomedicines-08-00237]\].

4\. Toxicity: A meta-analysis of newly FDA approved drugs revealed not only high costs \[[@B39-biomedicines-08-00237]\] but also high risks of associated toxicities \[[@B40-biomedicines-08-00237]\]. The NCI Common Terminology Criteria for Adverse Events v4.0 (CTCAE) from 2009 defines 5 grades of severity of adverse events (AEs). A low intensity scale reaches from mild (1), to moderate (2). A high intensity scale starts with severe (3) and goes via life-threatening (4) to death related to AE (5) \[[@B23-biomedicines-08-00237]\]. Grade 3 and 4 toxicities include, among others, in alphabetic order, blood and lymphatic system disorders, cardiac disorders, endocrine disorders, gastrointestinal disorders, hepatobiliary disorders, musculoskeletal and connective tissue disorders, nervous system disorders, psychiatric disorders, renal and urinary disorders, respiratory, thoracic and mediastinal disorders and skin and subcutaneous tissue disorders. Neurotoxic effects of grade 4 include spasms, paralysis and coma \[[@B23-biomedicines-08-00237]\]. Pharmaceutic companies and oncologists are familiar with such toxic effects from cytostatic drugs.

5\. NNT: A cancer patient does not want to suffer toxic side effects without benefit. But this is exactly the case with drugs approved from RCTs which measure a number to treat (NNT) to avoid an additional event (tumor progression or death). Here is an example from endometrial carcinoma. After hysterectomy and radiotherapy, a statistically significant survival advantage was confirmed for additional chemotherapy \[[@B41-biomedicines-08-00237]\]. It may be that 33 patients have to receive a potentially toxic therapy in order that one of them has a benefit. This means that a majority of 32 patients receive a potentially toxic therapy without benefit.

6\. Bias: The evaluation of new cancer drugs approved by EMA between 2014 and 2016 revealed that about 50% of the approved studies were classified as highly biased. The side effects were not properly recorded, there were also other methodological shortcomings and an overestimation of benefit \[[@B42-biomedicines-08-00237]\].

The risk-of-bias assessment should be based on the hierarchical ranking order of the WHO linked to health condition: (i) Mortality, (ii) morbidity (treatment failure, pathology; symptoms of disease), (iii) health impairment (loss/abnormality of function, incl. presence of pain), (iv) limitation of activity (disability, incl. days off work/school because of ill health), (v) restriction of participation (quality of life), (vi) surrogate outcome (e.g., blood test data, bone mineral density) \[[@B47-biomedicines-08-00237]\].

7\. Guidelines biased by conflict of interest: Guidelines are frequently used as a reference for health insurance companies. They can be deformed by economic interests and fundamental conceptual limitations. The results from a review of the oncology guidelines published by the National Comprehensive Cancer Network are shown at the bottom of [Table 3](#biomedicines-08-00237-t003){ref-type="table"}. The content of conventional guidelines is dominated by a few "key opinion leaders" who are likely to have conflicts of interest \[[@B43-biomedicines-08-00237]\].

6. Personalized and Individualized Medicine Requires New Types of Clinical Studies {#sec6-biomedicines-08-00237}
==================================================================================

The remarkable increase in knowledge in molecular biology, virology and immunology and the many new concepts of translational research call for changes in the methodology of clinical trials \[[@B48-biomedicines-08-00237],[@B49-biomedicines-08-00237]\]. For instance, it is recommended to establish databases of results from individual patients treated with personalized or individualized medicine for early identification of effective drugs or treatment strategies in a larger patient population \[[@B50-biomedicines-08-00237]\]. Basket trials allow a drug to be tested simultaneously in subgroups of different tumor types \[[@B51-biomedicines-08-00237]\]. Umbrella trials enable the evaluation of several targeted therapies for a single disease \[[@B51-biomedicines-08-00237]\]. It has been suggested that it is time for one-person trials \[[@B52-biomedicines-08-00237]\]. In N-of-1 trials, the acquisition of knowledge is coupled with an individual benefit for the single patient. Such a study design could lead to a significant reduction in costs \[[@B53-biomedicines-08-00237]\].

IMI is only one example for small-type clinical studies. Other examples are post-operative active-specific immunotherapy studies with the autologous virus-modified vaccine ATV-NDV. Such studies were performed, statistically evaluated and published for breast cancer \[[@B54-biomedicines-08-00237]\], colon cancer \[[@B55-biomedicines-08-00237]\], GBM \[[@B56-biomedicines-08-00237]\], and Head and Neck Squamous Cell carcinoma \[[@B57-biomedicines-08-00237]\]. One of these small clinical studies was performed as RCT \[[@B58-biomedicines-08-00237]\]. It revealed for colon cancer patients scientific validity by demonstrating an extremely high efficacy although the number of patients was small. Another example is a case-series study with oncolytic virotherapy, recently published \[[@B59-biomedicines-08-00237]\]. It revealed effective treatment of four GBM patients who achieved clinical and radiological responses with long-term survival and good quality of life.

Considering the deficits of RCTs, it is time that medical organizations and health insurances become aware of this. They should become more independent from big pharma studies and support new types of clinical studies.

The development of CAR-T cell therapy in Europe is an example of how university clinics try to become independent from big pharma companies. According to a recent report, clinics in Germany, Switzerland, Italy, and Spain develop their own CAR-T cell products. These will be continuously updated and will be cheaper than the big pharma products \[[@B60-biomedicines-08-00237]\].

7. Discussion {#sec7-biomedicines-08-00237}
=============

The speed of approval of new drugs by regulatory agents such as FDA and EMA is increasing since years. In clinical practice, the additional benefit of the new drugs is questioned. Oncologists lack full information of relevant details such as real extent of effects and side effects. There is a trend to consider RCTs as obsolete for the daily clinical practice.

The fact that FDA and EMA receive large amounts of money from pharma companies question the independence of these agencies \[[@B61-biomedicines-08-00237]\]. The consequence of this development is particularly problematic for cancer patients. They have no chance to judge about the usefulness and side effects of a tremendous number of new drugs. Even oncologists cannot tell the difference, for example, between MK-2206, GSK690693 and AZD8055 (all SMIs: PI3K-AKT-mTor inhibitors) or between Perjeta, Cyramza and Darzalex (all mAbs: against HER2, VEGFR2 and CD38). Even after introduction of generic names, it is not easy to distinguish, for example, between buparlisib, pictisilib, and idelalisib (all SMIs: PI3-AKT-mTor inhibitors) and pertuzumab, ramucirumab, and daratumumab (all mAbs: against HER2, VEGFR2, and CD38).

In contrast to government funded or PI initiated clinical studies, for big pharma sponsored RCTs commercial benefit comes first. Apparently, deception and deliberate tricks are being used to obtain a commercial benefit. A book analyzing conflicts of interest in medicine comprises 19 chapters and more than 300 pages \[[@B61-biomedicines-08-00237]\].

Meanwhile, rules of evidence based medicine, such as meta-analyses, provide evidence for the kind of business of big pharma companies. The evidence summarized in [Table 3](#biomedicines-08-00237-t003){ref-type="table"} reveals the following: The quality of a majority of approved drugs is too low and the prices too high. The public health system is an important market for large pharma companies. Therefore they invest a lot of money for drug promotion \[[@B62-biomedicines-08-00237]\]. The consequences for the cancer patient are severe: Low effectivity and high toxicity (AEs of Grade 3 and 4). In the interest of cancer patients, oncologists should be very critical to influences via pharma lobbyists.

Considering decades of development, much progress has been made in anti-cancer drugs. For example: Molecular targeted drugs such as SMIs. In comparison to cytostatic drugs, SMIs target pre-defined subsets of patients and thereby achieve a higher effectivity. Major innovatory therapeutics derived from basic research in immunology: checkpoint inhibitory mAbs, DCs, and cancer vaccines, oncolytic viruses or CAR-T cells. It were always scientists who introduced an innovation first and then (not always) big pharma companies became involved. Principles for production of mAbs were developed by the Nobel Laureates from 1984 NK Jerne, GJF Köhler and C Milstein. DCs and their culture technology were developed by the Nobel Laureate from 2011, RM Steinman. Immune checkpoint therapy was developed by the Nobel Laureates from 2015 JP Allison and T Honjo. The discoveries of DCs by RM Steinman and of Toll-like receptors (TLRs) for innate immunity activation by the Nobel Laureates from 2011 B Beutler and J Hoffmann also influenced the development of the concept of IMI at IOZK, Cologne, Germany.

To reduce side effects (AEs of Grade 3 to 4) from systemic cancer treatment is an important goal to improve cancer therapy. IMI developed by IOZK provides an example by using physiological types of therapy such as cancer vaccines and oncolytic viruses \[[@B23-biomedicines-08-00237]\]. A position paper \[[@B63-biomedicines-08-00237]\] of IOZK underlines the reasons why clinical studies need to be adapted to the new insights into the immunobiology and dynamics of tumor--host interactions \[[@B63-biomedicines-08-00237]\].

8. Conclusions {#sec8-biomedicines-08-00237}
==============

Evidence-based medicine is important for progress in oncology, including patient safety and high-quality treatment. The question is how to generate appropriate evidence. The highest level of evidence is traditionally assigned to randomized-controlled clinical trials. There are two developments which challenge this position: (i) Personalized medicine with "OMICs" technologies and individualized medicine with innovative immunotherapeutic ideas and (ii) non-correct conduct of RCTs by big pharma companies. The first development is for the patient's benefit, the second for commercial benefit.

Conflicts of interest exist not only in the approval of oncological pharmaceuticals but also in the development of guidelines. RCTs form the basis for the development of guidelines and this has consequences for clinical decisions and for reimbursement by statutory and private health insurance companies. RCTs thus have far reaching effects within the private and public health sector.

Spending on oncologic pharmaceuticals keeps rising in terms of costs for private and public health systems worldwide with minimal clinical advances. This is due to RCTs, thereof derived fragile data and conflicts of interest. Meta-analyses, a procedure of evidence-based medicine, provide evidence that in the last decade a majority of approved drugs from RCTs have: (i) Low reliability; (ii) no benefit in OS or QoL; (iii) high costs; and (iv) a high risk of associated severe toxicities.

Drug approval by regulatory authorities apparently does not consider AEs of Grade 3 and 4 sufficiently important for study rejection. Such strong AEs cause additional sufferings for cancer patients and prevent a beneficial effect.

Cancer vaccines and oncolytic viruses are well tolerated with side effects below grade 2. Such advanced therapeutic medicinal products (ATMPs) are part of an individualized multimodal immunotherapy (IMI). Systematic data collection and analysis of single cases or case series allows to generate new medical data and evidence, thus leading to progress in oncology. Cancer vaccines and oncolytic viruses have the potential to stimulate the immune system against cancer and to establish cancer-reactive immunological memory. This is important for patient welfare, quality of life, and quality of survival (QoL/QoS). Such evidence and treatments for patient benefit should be taken more seriously by medical associations and health insurance companies.

Progress in oncology depends on better treatment of cancer patients. Personalized and individualized medicine contribute to such progress. The reduction of side effects by introduction of physiologically oriented treatment concepts is another important aspect. Big pharma conducted RCTs with their interest in commercial benefit contribute to increase of costs but comparatively less to better treatment of patients. A medical health system/pharma network-critical discussion is recommended to improve the treatment of cancer patients and to save money within the system.

The viewpoint expressed in this article has been developed by the four co-authors together. All authors have read and agreed to the published version of the manuscript.
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AE: Adverse Event; ATMP: Advanced Therapeutic Medicinal Product; ATV-NDV: Virus modified Autologous Tumor Cell Vaccine; CAR: Chimeric Antigen Receptor; ctDNA: circulating tumor DNA; CTL: Cytotoxic T Lymphocyte; DC: Dendritic Cell; DIPG: Diffuse Intrinsic Pontine Glioma; EDIM: Epitope Detection in Monocytes; EV: Extracellular Vesicle; GBM: Glioblastoma Multiforme; GM-CSF: Granulocyte-Macrophage Colony Stimulating Factor; GMP: Good Manufacturing Praxis; HLA: Human Leucocyte Antigen; HSP: Heat Shock Protein; ICD: Immunogenic Cell Death; IL(-1, -10, -12, -15): Interleukins; IFN: Interferon; IMI: Individualized Multimodal Immunotherapy; IOZK: Immune-Oncological Center Cologne; LOE: Level of Evidence; MDSC: Myeloid-Derived Suppressor Cell; mEHT: moderate Electrohyperthermia; MHC: Major Histocompatibility Complex; MTC: Memory T Cell; NDV: Newcastle Disease Virus; NGS: Next-Generation Sequencing; NNT: Number to Treat; OV: Oncolytic Virus; OS: Overall Survival; PAP: Prostatic Acid Phosphatase; PI: Principal Investigator; pMHC: Peptide-MHC Complex; QoL: Quality of Life; QoS: Quality of Survival; RCT: Randomized Controlled Trial; SMI: Small Molecule Inhibitor; TAA: Tumor Associated Antigen; TCR: T Cell Receptor; Th cell: T helper cell; TME: Tumor Microenvironment; TNFα: Tumor Necrosis Factor alpha; TRAIL: TNF-Related Apoptosis Inducing Ligand; TT: Targeted Therapy; VOL: Viral Oncolysate; WHO: World Health Organization

![Cartoon of the three phases of Individualized Multimodal Immunotherapy (IMI) (**1**--**3**.) and of respective tumor--host interactions (**A**--**D**). **1**--**3**: 1. The pre-treatment phase involves 5 sessions of moderate electrohyperthermia (mEHT) and Newcastle disease virus (NDV) treatment within the first week. This leads to ICD and to release of extracellular vesicles (EV) which initiate anti-tumor immune responses. 2. Active-specific immunization at day 8 with IO-VAC^R^ represents the second phase of treatment. It involves intradermal application of fully matured tumor-associated antigen (TAA) presenting DCs. 3. In the immune effector phase, about 1 to 5 days after vaccination, the activated cancer-reactive T cells leave the lymph node, migrate to the tumor and attack tumor cells by TAA-specific cytotoxic T lymphocytes (CTLs). This causes their destruction as visualized by the blebs. (**A**--**D**): (**A**) illustrates immunogenic cell death with the release of viral oncolysate (VOL) from tumor cells treated by mEHT and NDV. (**B**) shows the process of loading dendritic cells ex vivo with TAAs and DC maturation via growth factors, cytokines and interferons to produce the vaccine IO-VAC^R^. (**C**) illustrates DC migration to local lymph nodes and their cognate interaction with TAA-specific CD4 Th1 cells and CD8 CTLs. (**D**) shows migration of activated T lymphocytes out of the lymph node and trafficking via the blood towards the site of the tumor. For abbreviations see alphabetic list at the end. The figure was designed by Riegel and Reichenthaler.](biomedicines-08-00237-g001){#biomedicines-08-00237-f001}

biomedicines-08-00237-t001_Table 1

###### 

Individualized Multimodal Immunotherapy (IMI).

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Feature        Example IOZK                   Reference                                                     
  -------------- ------------------------------ --------------------------------------- --------------------- -------------------------------------------------------------------------------------------
  Concept        Modality 1                     Active-specific immunization            IO-VAC^R^ (vaccine)   \[[@B2-biomedicines-08-00237]\]

                 Modality 2                     Treatment with oncolytic virus          NDV ^1^\              \[[@B3-biomedicines-08-00237]\]
                                                                                        (OV)                  

                 Modality 3                     Combination with mEHT ^2^               EHY-2000\             \[[@B2-biomedicines-08-00237],[@B3-biomedicines-08-00237]\]
                                                                                        (Oncothermia)         

  Side effects   low                            WHO Grade                               \<2                   \[[@B23-biomedicines-08-00237]\]

  Innovation     In situ induction of ICD ^3^   Potential to break therapy resistance                         \[[@B3-biomedicines-08-00237],[@B24-biomedicines-08-00237],[@B25-biomedicines-08-00237]\]

  Single cases   Breast cancer                  Prostate carcinoma                                            \[[@B26-biomedicines-08-00237],[@B27-biomedicines-08-00237]\]

  Case series    GBM ^4^ adults                 DIPG ^5^ children                                             \[[@B3-biomedicines-08-00237],[@B28-biomedicines-08-00237]\]
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^1^ NDV = Newcastle disease virus; ^2^ mEHT = moderate electrohyperthermia; ^3^ ICD = Immunogenic cell death; ^4^ GBM = Glioblastoma multiforme; ^5^ DIPG = Diffuse intrinsic pontine glioma.

biomedicines-08-00237-t002_Table 2

###### 

Comparison between randomized-controlled trials (RCT) and Individualized Multimodal Immunotherapy (IMI).

  Feature                                            RCT ^1^ for Drug Approval     IMI ^2^
  -------------------------------------------------- ----------------------------- -------------------------------
  1\. GMP ^3^ quality standard                       Yes                           Yes
  2\. Production rate of drug                        High                          Low
  3\. Number of patients per trial                   \>1000                        \<50
  4\. Individual patient benefit                     Low                           High
                                                     No benefit in control arm     Same chance for every patient
  5\. LOE ^4^                                        1                             5
  6\. Number of variables included                   Only few possible             Many possible
  7\. Risk of resistance development                 High                          Low
  8\. Flexibility: Adaptations to state of the art   Not possible after approval   Possible
  9\. Methodological innovation                      Low                           High
  10\. Costs                                         Very high (\>20 million \$)   Comparatively low
  11\. Price per drug                                Very high                     Comparatively low
  12\. Primary aim                                   Commercial (Drug approval)    Patient benefit
  13\. Conflict of interest                          High                          Low

^1^ RCT = Randomized controlled trial; ^2^ IMI = Individualized multimodal immunotherapy; ^3^ GMP = Good manufacturing practice; ^4^ LOE = Level of evidence.

biomedicines-08-00237-t003_Table 3

###### 

Randomized-controlled clinical trials (RCTs) for drug approval and commercial benefit.

  Feature                   Results                                              Conclusion                                                                         Comment                                     Reference
  ------------------------- ---------------------------------------------------- ---------------------------------------------------------------------------------- ------------------------------------------- ---------------------------------------------------------------
  1\. Fragility index ^1^   \<50% of RCTs with clinically relevant benefit ^2^   Low (\<2)                                                                                                                      \[[@B37-biomedicines-08-00237]\]
  2\. Survival (OS ^3^)     84% of RCTs investigated surrogate parameters ^4^    Most drugs had no benefit in OS                                                                                                \[[@B38-biomedicines-08-00237]\]
  3\. Quality of Life                                                            No benefit ^4^                                                                                                                 \[[@B38-biomedicines-08-00237]\]
  4\. Toxicity                                                                   High risk of associated toxicities                                                                                             \[[@B39-biomedicines-08-00237],[@B40-biomedicines-08-00237]\]
  5\. NNT ^5^                                                                    A relatively high number of patients to be treated to avoid one additional event                                               \[[@B41-biomedicines-08-00237]\]
  6\. Bias                  87% of authors received payment from industry        About 50% of approved studies were classified as highly biased ^4^                                                             \[[@B42-biomedicines-08-00237]\]
  7\. Oncology guidelines   72%of recommendations based on weak evidence         Dominated by a few key opinion leaders with conflict of interest                   Often used as reference for reimbursement   \[[@B43-biomedicines-08-00237]\]

^1^ Fragility index = a statistical measure to evaluate the reliability of study results. A factor of 1 means that study results are fragile and not reliable; ^2^ = Evaluation of new cancer drugs approved by the FDA (2014--2018); ^3^ OS = Overall Survival; ^4^ = Evaluation of new cancer drugs approved by the EMA (2009--2013); ^5^ NNT = Number to treat.
